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An Analogue Program for Standing-Gradient Osmotic Flow
Dear Sir:
Diamond and Bossert (1) proposed a model of standing-gradient osmotic flow as a mechanism to explain the coupling of water and solute transport in epithelia. In their computations they used a digital program in F O R T R A N on an IBM 7094 to solve for the two dependent variables, C and v, where C was the osmolar concentration at any point, x along the channel and v was the linear velocity at this same point. In the following communication, their equations (4-6) have been solved with a simple analogue program, provided with proper scaling. Test parameters may be set readily and the concentration profile from C,= = 0 to C,, = L may be generated and read out on any convenient laboratory recorder or X-Y plotter. The analogue program is simple and will generate a continuous function. Furthermore, a proper choice for Cx=0 may be made readily with a minimum expenditure in machine time and expense. Fig. 1 describes the unsealed program in its simplest form. Table I lists the scaled parameters for curves 1, 2, 3, and 4 in Fig. 3 of their paper (1). Fig. 2 However, since N and d ~ are fixed parameters and v,,=L is obtained from amplifier 4, there is no overriding need to utilize additional analogue components particularly if these are limited.
Characteristics of the System
Diamond and Bossert in their paper emphasized the need to use an iterative technique to arrive at a value of Cx=0 which would guarantee a value of Co at ~=L. We have confirmed the inherent instability of the system at values of C close to ~=L, particularly at the higher values of C,,=0. Arbitrary selections of Cx=0 which differed by as little as 0.1% produced striking changes in the value of Cx=L. Either these values would rise sharply with a positive value for Cx=L or fall precipitously with negative values for Cx=L. In effect the system was poised at the ideal value for C~=0. Our values for C~=0
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agreed within O. 1% for all curves. However, since Diamond and Bossert set the limits of their iterative process to 0.01% they were able to approach closer to the chosen ideal o f L = 100/~ than we did in curves 1 and 3. Nevertheless, the value for v~,~, was fairly stable even under these conditions and since this value is the most important one for the calculation of Ce,,e~e,t, this latter calculation was subject to less fluctuation. 
Fmup.E 2. Output from amplifier I0, C as recorded from an X-Y plotter. Solutions apply to parameters used in Fig. 3 of Diamond and Bossert. Calculated concentrations of emergent fluid were 0.420 (curve 1), 1.08 (curve 2), 0.380 (curve 3), and 0.301 (curve 4) osmolar.
not surprising, therefore, that the authors chose parameters characteristic of the more stable curves 2 and 4 to develop many of the subsequent relations which they considered.
Limitations in the Analogue Program
Although the program is excellent for estimates of C~0, the potential user should be aware that values for Ceme~ge,t may differ by as much as 20 % from the IBM 7094 program. Furthermore, although concentration profiles generated by the analogue program agree well with the IBM program at low values of Cx=0, the reader should be 276-
cautioned about the shape of the generated curve in regions where Cx approaches Cx=L, at high values of Cx=0, because of the inherent instability of the system. This problem was evident for curves 1 and 3 in Fig. 2 . Nevertheless, this program may stimulate understanding and perhaps further development of this model for the coupling of water and electrolyte transport in epithelial tissue, byproviding guidelines, within the levels of accuracy discussed, for future experiments.
